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Tom tit

Mot trong nhitng han ché doi voi tau thuyén khai thdc hai san ciia
tinh Ba ria-Viing tau ld cong sudt thdp, trang thiét bi lac hdu ddn nénpham
vi ddnh bt bi gidi han, chi khai thdc gdn bo. Néu cdc tau thuyén tir san
xudt ra nhién liéu thi s¢ mé rong pham vi ddnh bt mang lai hiéu qua cao
cho ngu ddan. Thiét nght,viéc ing dung pin nhién liéu véi hiéu sudt chuyen
héa ndng liwong 1y thuyét cao hon dong co dét cho tau thuyén danh bdt, ddt
biét la pin nhién liéu trao doi proton (PEMFC), st dung nhién liéu dau vao
la hydro, c6 thé san xuat tir qud trinh dién phdan nudc, lam cho tau thuyen
hoan hoan tw chii vé vdan dé nhién lidu sé 1o mot tiem ndng to [ém cho nghe
ddnh bdt hai san xa bo.Nhir chiing ta da biét, qud trinh chdy cia nhién lidu
héa thach nhie than, dau va khi thién nhiénsinh ra cacbon dioxit
(CO,).Chinh vi heong CO; qua [6n gdy ra nhitng hdu qua nghiém trong dén
moi truong song, lam bién doi khi hdu toan cdu, gdy hiéu itng nha kinh,..tdc
dong tiéu cire dén hé sinh quyén Trdi ddt. Trong khi d6 PEMEC cho ra san
pham la mede, cue ky than thién véi moi trieong va cé thé dimg cho cdc nhu
cau sinh hoat cia thuyén vién. Vi nhitng loi ich d6 pin nhién liéu dem dén
mot trién vong to 1ém cho nganh khai thdc hai san.Tuy nhién mét trong
nhitng yéu to anh hwong dén gid thanh, hiéu sudt hoat dong ciing nhir tudi
tho cua pin la hé xic tdac kim logi ddt tién Pt. Dé khdc phuc nhugc diém
nay, da cé nhiéu cong trinh nghién citu theo hiréng chuyén xiic tdc vé dang
nano hay thay thé mot phdn hegng Pt bang mot s6 kim loai khdc nhw Cu,
Pd, Ni ...

Abstract

One of the limitations for Ba Ria-Vung Tau's fishing boats is low
capacity, backward equipment resulting in nearshore fishing area. If the
vessels are fully self —produced on fuel, they will expand the fishing area
with high efficiency. Fuel cell, an electrochemical cell that converts
the chemical  energy from  a  fuel into  electricity  through
an electrochemical reaction, with theoretical energy conversion efficiency
is higher than the combustion engine for fishing boats. Especially, Proton
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Exchange Fuel Cells (PEMFC) that uses hydrogen as the input fuel, can be
produced from the electrolysis of water, making the boat completely self-
sufficient in terms of fuel,would be a great potential for offshore fishing. As
we know, the main product of fossil fuels like coal, oil and natural gas is
are carbon dioxide (COj). The large amount of CO; that has serious
consequences on the environment, global climate change,greenhouse
effect,...many negative effects on the FEarth's biosphere. Meanwhile,
PEMFC's product is water, extremely environmentally friendly, and can be
used for crew living needs. Because of these benefits, fuel cell provides a
great prospect for the fishing industry. However,the expensive Pt metal
catalystaffectsprice, performance and lifetime. To overcome this
disadvantage,there have been many studies in the direction of transferring
nanoparticles or replacing with some other metals such as Cu, Ni, Co, Pd,..

1. GIOI THIEU
1.1. Lich sir phat trién cia pin nhién liéu

Lich str ctia pin nhién liéu duoc bat ngudn tir thé ky19, khi Christian
F. Schonbein phat hién dau tién vao nam 1838: khi cac dién cuc, H, va O,
hay Cl, dugc két néi, dién nang s€¢ dugc sinh ra. Sau do, William R. Grove
phat minh ra “Pin khi” (Gas Voltaic Battery) la thiét bi tao ra dién nang
gitra hai dién cuc Platin trong H, va O, trong hai binh riéng biét chira day
axit sulfuric (H2SOs). Trong khi phat minh nay hién nay dugc xem 1a pin
nhién liéu dau tién trong lich str, khai niém “pin nhién li¢u” van khong duoc
chap nhan vao thoi d6. Mai cho dén nim 1889, Ludwig Mond va Charles
Langer da chinh thirc xay dung hé théng pin nhién liéu d4u tién trong d6 str
dung 14 khi than cong nghiép va khong khi. Mai cho dén nhimg nim 1950,
pin nhién li€u mdi thu hut tré lai su chi y ctia cong ching khi tdp doan
General Electric (GE) san xuét pin PEMFC dau tién ma NASA da chon sir
dung cho nhimg dy 4n khdm phd khong gian Gemini va Apollo. Tuy nhién,
pin nhién liéu van chi géi gon trong nhitg tmg dung ngoai khong gian vi
gia thanh san xuAt van con qué dit.[1]

Trong hai thap ki gan day, khi nhu cdu ning luong clia con nguoi
ngay cang to 1ém va cap thiét dan dén viéc st dung, phat trién manh mé cta
nhién liéu hoa thach lam cho Iuong nhimg khi gay hiéu tng nha kinh nhu
CO; thai ra trong bau khi quyén gia tdng chong mdt, 1am cho Trai dat nong
1én, khi hau thay d6i, 6 nhiém méi truomg,... P& mang lai su phét trién bén
vimg cho nhimg thé hé sau,
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triét dé cac ngudn ning luong tai tao nhu ning luong gid, nang lugng mat
tro1, pin nhién li€u,...(hinh 1.1).

St dung nang lrong tii tao
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Hinh 1.1.So d6 ti€u thunhién liéu 20% - Nang tepng Hydrogen
(Nguon: Energy Transition ciia Cutler Xing bovng aln
Clevelan) % 4% - sinh khdi, mat troi

Trong céac thiét bi chuyen hoa nang
luong thay thé, pin nhién liéu nidm trong s6 co hiéu suat chuyén héa cao
nhat va thai ra lugng khi gay hiéu ing nha kinh thap nhat. Chinh vi 1& do,
pin nhién liéu c6 loi thé rat 16n dé trd thanh ngudn cung cép ning luong
thay thé cho nhién liéu hoa thach.[2]

1.2. Phan loai pin nhién li€u

Hién nay pin nhién liéu dugc chi yéu phan loai theo ba cach: phan
loai theo nhié¢t d§ hoat dong; phan loai theo chét tham gia phan ung; phan
loai theo chat dién giai. Chét dién giai trong pin nhién liéu c6 thé 1a chat
16ng (acid, kiém, mudi néng chay,...) cling c6 thé 1a chat ran (polymer hiru
co dan ion, hop chat oxide,...).[3]

Bang 1. 1 Phan loai pin nhién liéutheo chét dién giai

Loai pin ffng dung
Alkaline Fuel Cells (AFC) Cong nghé khong gian
Direct Methanol Fuel Cells |, I 9 A
(DMFC) Xach tay, ¢0 dinh hodc luu dong
Molten Carbonate Fuel Cells San xut dien véi quv mé 1én
(MCFC) 1 VO quy

Phosphoric Acid Fuel Cells (PAFC) | San xut dién v6i quy motrung binh dén 16n
Proton Exchange Membrane Fuel | May phat dién nhd, phuong tién giao thong
Cells (PEMFC) nho, ...

Solid Oxide Fuel Cells (SOFC) Sleg{rrll xuat dién vé1 quy mo tr trung binh tdi

_ 2.LOI THE CUA PIN NHIEN LIEU VOI NGHE KHAI THAC
HAI SAN XA BO
1.2 Lgi thé cua pin nhién li¢u




Pin nhién liéu 1a thiét bi chuyén hoa dién nang truc tiép tir phan Gng
hoa hoc cua nhién li€u vdil oxy hodc tdc nhan oxy hoa khac. Nguén nhién
liéu str dung & dang khi hodc 16ng (thuomg 13 khi Hy) thay vi tic chit ran
(kim loai va oxit kim loai) nhu cac ngudn dién trudc ddy.
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Hinh2.1. C4u tao pin nhién liéu

Tuy nhién, so v&i cac pin thong thuong, pin nhién liéu van cé nhitng
diém khac: nhién liéu va tac nhan oxy hoa can thiét phai dugc cung cép lién
luc dé pin ¢o thé hoat dong, va dién nang s&€ dugc giai phong lién tuc khi
nhién liéu van dugc nap lién tuc vao pin (hinh 2.1).

C6 hai nguyén nhan chinh khién cho pin nhién li¢u tr¢ thanh muc tiéu
nghién ctru hang dau hién nay. Thir nhat, thyc t€ cho thay, nhién li¢u hoa
thach dang dan can kiét, va chiing ta phai tim ra cac nguén cung cip ning
lugng thay thé. Thir hai, su that 1a nhién li€éu hoa thach 1a mot trong nhiing
nguyén nhan chinh gdy 6 nhiém moéi trudng (anh huong dén hé ho hap cia
con ngudi) va ngdy cang gia ting sw nong lén cua trai dat vi viéc sir dung
nhién li€u hda thach thai ra méi trudong cac tdc nhan doc hai nhu CO,, CO,
SO,, NO,, va cac tac nhan hiru co khong bén. Pin nhién liéu st dung mot
cach hi€u qua nhién li€u hydro, 1a m6t nhién li€u “ctia twong lai” vi chiing
sach v&1 moi truong va ¢6 mat do nang lugng rat cao. Pin nhién liéu co thé
chuyén hoa dién nang nhiéu hon tir nhién liéu (40 - 70%) so véi dong co
d6t trong (~ 30%) (hinh 2.2)[1]. M6t pin nhién liéu hoat dong véi hiéu suét
60% sé& thai ra it hon 35 — 60% CO, so vd1 nhién li€u hda thach va it hon
dén 80% khi sir dung nhién liéu hydro. Khi so sanh v&i pin-dcquy thong
thuong (batteries), pin nhién liéu c6 nhimng 1oi thé: cing mdt dung lugng thi



pin nhién li¢u gon, nhe, va ti¢n dung hon. Néu muon tang nang luong cho
pin-dcquy, phai 1dp mot hé gdm nhiéu pin-dcquy méc ndi tiép. Do vay, voi

cung mdt hiéu qua niang luong, pin c6 gia thanh dat hon, va hé thong try
nén phurc tap hon so vdi pin nhién liu.

Diéng co 46t rong truyén théng:
chuwén hoa ning lvong tir nhién ligu ¢hidu suir ~30%5)
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Hinh 2.2. a) Hinh anh so sanh su chuyén hoa ning lugng trong dong
co d6t trong va trong pin nhién liéu. b) Biéu dd so sanh hiéu suét ctia pin
nhién liu so véi céc thi€t bi san xuat dién khéc

Ngoai ra, pin nhién li¢u s&€ khong bao gio “xudng cap” vi mot khi
nhién liéu con dugc cung cap, pin nhién liéu s& con hoat ‘dong. Trong khi
do, pin-acquy s& xubng cap vi chi hoat dong trong mot s6 chu ky phéng -
sac nhat dinh. Thém nira, trong khi véi pin thtr cap, thoi gian sac pin 1au thi
thoi gian sac pin nhién liéu rat nhanh va thoi gian sac nhanh khong anh
huémg dén kha ning hoat dong cta pin nhién liéu. Nhimg diéu trén cho thay
pin nhién liéu xtng dang 1a mot trong nhimg muc tiéu hang dau dé nghién
ctru, phét trién va thay thé nhién liéu hoa thach trong tuong lai.

2. Kho khiin vé tau thuyén ciia nganh khai thac hai san xa bo

Viée td chirc danh bit xa bd con tdn tai nhiéu van dé: diéu tra nguén
loi, xac dinh ngu trudng, mua vu ddi tuong danh bét, trang bi nghé khai
thac, ¢& loai tau thuyén déi véi timg nghé. Cac phuong tién danh bt ca dic
biét 1a d4nh bét xa bd con kha lac hau, tau thuyén cong suét thap, kha ning
neo dau tri bo chua 6n dinh trong tinh trang thoi tiét bién doi that thuong.



Hé théng co 5O ha tang, bén c4, cho ca quy mod con nho chua dap ung dugc
cong tac hau can danh bt ca quy mo 16n...[4]

Hién nay, phan 16n tau thuyén ctia ngu dan tai tinh Ba Ria - Viing Tau
co cong suat nhd, s6 tau c¢6 kha ning hoat dong xa bo khong 1on. Trong khi
do, nguon loi thuy san khu vue ven bo co chiéu hudng suy giam, san luong
danh bit thiéu dn dinh. Chi phi cho cac chuyén bién ngay cang tang, nhat la
nhién liéu; trong khi d6, gia san pham thiy san khong ting, thiéu tinh 6n
dinh, nhiéu loai hai san con giam so voi trude ddy va thuong bi tu thuong
ép gid. Loi nhudn tir cic chuyén bién ngay cang giam da 1am mot bd phan
ngu dan khong con min ma bam bién.

Cong nghiép hoa hién dai héa dang 1a nhu cdu birc bach ddi véi cac
hoat dong danh bt nuoi trong thuy san, ché bién hang thuy san. Hién dai
héa tau thuyén dé cé thé vuon xa bo, ddng thoi viéc danh bat song hanh véi
viéc bao v€ moi truong 1a mdt xu hudng tat yéu cua x4 hoi.

3.Sir dung Pin nhién liéu dung cho tau thuyén ciia mdt sé6 nwéc
trén thé gioi

N&m bt xu hudng sir dung loi thé to 16n cta pin nhién liéu, hang tau
Energy Observerand da ché tao thanh cong va cho 101 bén cang & Paris hom
15/7/2017 mot loai tau s& di vong quanh thé gidi trong khoang 6 nam ma
khong can téi nhién liéu nhd tu san xuit ning luong. Tau tu san xuit ning
lugng thong qua nhing tAm pin ning luong Mat Troi, tuabin gid va hé
théng pin nhién liéu hydro. Energy Observerand sir dung quang ning va
phong ning vao ban ngdy trong khi nhién liéu hydro s& cung cdp ning
lugng cho tau vao ban dém, duoc tao ra thong qua dién phan nudce bién.[5]

Hinh 2.3. M6t s6 tau thuyén st dung pin nhién liéu trén thé gidi
[51.[7]

Theo Reuters, chiéc tau(cé tén Nemo H,) s& chd khach qua lai cac con
kénh trong thanh phé Amsterdam. N6 c6 thé chd tdi da 78 nguoi. Nemo H
1a tau dau tién duoc trang bi pin nhién li€u — loai pin tron hydro va oxy voi
nhau dé tao ra dién. San pham phu ctia qua trinh san xuét dién 1a nudc, chu
khong phai khi thai. Mot chuyén di dao trén cac kénh dan nudc 14 hoat dong
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khong thé thiéu ctia du khach qudc té khi t&i thit d6 Ha Lan. Ttr miia xuan
nam sau, du khach cé thé chon “chuyén di trén kénh khong tao ra khi CO,”
ma chi phai tra thém 0,5 euro (tuong duong 14.000 ddng). Khoan tién phu
troi s& duoc danh cho nhimg nghién ctru vé cong nghé giam khi CO,.[6].
Tai nudc Anh ciing dd ché tao thanh cong tau st dung pin nhién liéu dé
phuc vu viéc chd khach du lich.[7]

Nhu vay viéc san xuét tau thuyén sir dung pin nhién liéu da duge thuc
hién va duoc rat nhiéu nuéc trén thé gid1 quan tdm., ]

3. THACH THUC CUA PIN NHIEN LIEU VA HUONG KHAC
PHUC

3.1. Thach thirc cia pin nhién li¢u

G14 thanh cao cua pin nhién li€u 1a do viéc xtr dung kim loai quy Pt
lam vat liéu xtc tac(hinh3.1)(chiém 51% gia thanh cho xuc tac dién cuc).
Do vy, can phai nghién ctru va phét trién thé hé xtc tac dya trén Pt hodic
xuc tac khong chira kim loai quy Pt cho phan tng khur oxy tai cathode
(ORR).
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Hinh 3.1. a) So d6 gi4 thanh pin nhiéu liéu Fuel Cell Stack thiét 1ap
b&i Arthur D.Little ndm 2000 b) Muc ti€u giam gia thanh pin nhiu liéu
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Mot phuong dn kha thi 1a tao xtc tac 1a hgp kim cua Pt véi mot kim
loai chuyén tiép M: PtM. Xuc tac PtM nay it nhat phai c¢6 hoat tinh cao hon
10 14n so véi xuc tac Pt/C. Hoic 1a tdng hop xtic tac khong chua kim loai
quy nhung hoat tinh phan tmg ORR tuong duong voi xuc tac nano Pt. Mot
van dé khac cua pin nhién li€u nam & tinh bén ving. Dé try thanh thiét b
cung cip niang luong cho phuong tién giao thong, thiét bi di dong thi pin
nhién li€u phai dam bao thoi1 gian hoat dong 5.000 gi¢ (twong duong vaoi
quang dudong di dugce la 150.000 ddm) va phai dam bao kha nang van hanh
khi nhiét do thay ddi trong khoang tir -40°C dén 40°C; d6i v6i phuong tién
giao thong 16n nhu xe tai, xe buyt thi con sé nay phai dat 10.000 gio, tham
chi duoc yéu cdu 12.000 gid hoat dong va 5 ndm bao hanh; quan trong nhat,
dé tr& thanh nha may phat dién, pin nhién liéu phai dam bao 80.000 gid
hoat dong hiéu qua trong khoang nhiét d6 dao dong tir -40°C dén 40°C (mic
du diéu nay da dat dugc voi pin nhién li€u axit phosphoric (PAFC) nhung
van can phai cai thién cac loai pin khac). Ngay nay, cac nha khoa hoc van
dang cd gang nghién ctru cai thién tudi tho cua pin nhién liéu dé hoan thanh
cac muc tiéu trén.

3.2. Mot s6 hwéng nghién ctru khic phuc

Vit liéu nano (nano materials) la mot trong nhiing linh vuc nghién
ctru dinh cao s6i dong nhit trong thoi gian gan day. Tinh ndng cua vat li¢u
nano vuot hin so véi cac vat lieu thong thuong ve su tdng dot bién dién tinh
bé mit. Theo xu hudng dd, cac nha nghién ctru vé pin nhién liéu da nhanh
chong chuyén xuc tac Pt thanh xuc tac dudi dang hat nano, thay thé mot
mot phan Pt bang kim loai ré tién, ciing nhu ldng dong trén cac gid mang
khac nhau nhu carbon vulcan, carbon nano tube, graphen,...

Céac nghién ctru déu cho thay cac vat liéu méi tong hop c¢6 tinh ning
cao hon hin vat liéu xuc tac pin nhién li¢u truyén théng. Mot sd nghién ciru
cong bd gén day cho viéc ché tao vt liéu xuc tac nano cho pin nhién li¢u
nhu;

Ché tao vt liéu xuc tac nano Pt/Cu/Pt/C

Téc gia Taecho Lim va cong sy dd nghién ctru tong hop hé xuc tac
Pt/Cu/Pt/C cho phan tmg khir oxy trong pin nhién liéu[8]. Viéc tong hop
xtic tdc duoc thuc hién nhu sau : dau tién 1ay 10 mg Pt/C (Pt, chiém 20% vé
khéi lugng) phan tan trong hdn hop gém Sml nudc deionized va 5 ml iso
propyl alcohol (IPA). Sau do6 danh siéu 4m, thém 10 ml dung dich Cu. Dung
dich ddng dugc diéu ché gdbm 14mM CuSO4.5H,0; 30 mM EDTA, 28mM
(CH,0),va 275 mM KOH. (CH,O),duoc xem nhu 13 chat khtr Cu dé lang
dong trén Pt. Hon hop dung dich dugc dé trong bé diéu nhiét giit tai nhiét
do 70°C trong vong 30 phut dé lang dong Cu 1én P/C dé hinh thanh vat licu
Cu/Pt/C. Ly tam, loc va rira vat liéu Cu/Pt/C béng nudc deionized. Vat liéu



Cu/Pt/C sau khi rira sach dugc phan tan lai trong 10 ml nuéc deionized
bang siéu 4m. Sau d6 cho vao hon hop 10 ml dung dich Pt (gdm 1 mM
H,PtCls.6H,0), dung dich nay co6 tac dung thay thé Cu trén bé mit ngoai
thanh Pt/Cu/Pt/C. Cubi cung, loc, rira vat liéu tong hop va sdy kho & nhiét
do 60°C trong 16 chan khong ta thu dugc vat liéu Pt/Cu/Pt/C.

Cu dopasition Pt displacomant
OOOOO Core Fig £ Schemat s o the sy of PCaPX ool

Fig. 2. TEM images of (3) the commercial PriC and (b} synthesized PriCu/PrC.

Hinh 3.2. Tong hop vét liéu xuc tac PYCw/Pt/C Anh TEM (a) Pt/C
thuong mai (b) Pt/Cu/Pt/C tong hop

Qua hinh 3.2 cho théy vat liéu xuc tac tong hop dudi dang nano va cé
cau truc core shell, vat 1i€u xuc tac tong hop co6 hoat tinh cao hon so véi xuc
tac Pt/C thuong mai.

H¢ xuc tac hgp kim Pd-Pt dang nano wire

Nhom tac gia Liping Wu va cong su da thuc hién téng hop vat liéu
Pd-Pt dudi dang nanowire da cho do dn dinh va hoat tinh cao ddi véi phan
tmg khir oxy[9]. Tdng hop xuc tac bang cach lay 50 mg Pluronic F127 vao
trong 10 ml hon hop chira 2.5 mM K,PdCly va 2.5 mM K,PtCly. Sau khi xtr
ly si€u 4m trong 5 phuat, F127 hoan toan hoa tan vao trong dung dich. Cho
50 mg Nal va 50 mg ascorbic acid (AA) vao hdn hop trén siéu am trong 3
phut chung ta s& nhan dugc hdn hop mau nau den. Chuyén hén hop nay vao
autoclave 25 ml va gitt tai nhiét do 140°C trong vong 4 gio. Sau d6 cho toan
bo hé thong qua dong khi lanh dé dua vé nhiét do phong. Ly tam hon hop
voi toc do vong 9500 rpm trong 10 phit. Rua mot vai 1an véi ethanol va
nudc cét hai 1an. Sau d6 dem di say kho tai 60°C trong vong 8 gid trong
chan khong.



Anh TEM (hinh3.3.) cho ta thdy 1& rang sy tao thanh ciu truc
nanowire voi hiéu suét cao. Cac dang nanowire tong hop c6 khuynh hudng
tao mang ludi va xen vao nhau tao thanh mdt mang nanowire. Chiéu dai cta
soi ddy nanowire c6 thé dén hang trim nanometers va dudong kinh do
khoang 4.1 nm. Hinh TEM 3.3 ¢ d4 khing dinh c4u trtic nano 1 chiéu ctia
nanowire (hinh dang giéng nhu nhimg con sau). Phan tich SAED (area
electron diffraction) cho thay cdu trac tinh thé poly tw nhién, va khing dinh
ciu truc fec tai cac vi tri mat phang (111), (200), (220) va (311). Hinh
HRTEM d khing dinh cu triic tinh thé poly gdm nhiéu don tinh thé c6 kich
cd khoang 3 nm. Sy tao thanh mang nanowire si€u mong co thé thuc hién
dudi mdt qua trinh gén két. Mot dang nano ban dau duoc hinh thanh sau do
phat trién 1én thanh nanowire hoic 1a do sur két doi cac hat nano dudi sy hd
tro cta chit bao vé hoic chat dinh hudng cAu truc.
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Hinh 3.3. Hinh thai, cdu truc va thanh phan cua Pd-Pt alloy nanowire
(a)-(c) anh TEM (d) HRTEM (e) HADDF STEM va EDX (f)-(g) STEM va
EDX cua vat li€u nanowire Pd-Pt alloy

He¢ xic tac Pt voi cac dang gia mang khac nhau cua carbon

Nhom téc gia Abha Bharti va cdng sy da nghién ctru cac dang carbon
gia mang khac nhau nhu carbon black CB, SWCNT, MWCNT va graphene
cho xuc tac kim loai Pt cho phan img ORR trong pin nhién li¢u trao doi
proton[10].Qua trinh tdng hopxuc tac Pt véi ham luong 20% vé khoi luong
dugc gan trén cac gia mang khac nhau dugc tong hop don gian, véi su hd
trg siéu am, chat khir 1a hdn hop gdm NaBH, va EG.Cho 0.7 g CB phan tan
trong ethanol véi sy hd tro cia vi song trong vong 30 phut. Tinh todn ham
luong H,PtCls.6H,O thém vao trong hdn hop tir tir trong vong 30 phut. pH
ctia hén hop nay duge diéu chinh t6i 12 bang dung dich NaOH 1M. Sau d6
thém tir tir chat khir NaBH, va EG trong 10 phut dudi sy hd tro ctia may
khudy. Hon hop trén duoc gia nhiét bing 10 microwave voi 5 1an 60 gidy



On va 60 gidy OFF. Sau d6 dua hdn hop vé nhiét d6 phong. Piéu chinh lai
pH t¢i khoang 4 bang dung dich HCl 0.2 M dé cho dé hinh thanh c4c hat
nano Pt ling dong trén CB. Sau d6 loc, rra san pham bing nudc tinh khiét
va acetone, sdy kho trong chan khong tai 80°C trong vong 8 gio, cudi cung
ta thu dugce Pt trén gia mang CB 1a vat liéu xuc tac Pt/CB. Cac chat mang
khac nhu SWCNT, MWCNT va graphene lam tuong tu nhu trén.

Hinh 3.4. FESEM cho thay 16 hinh thai cta carbon lam gia mang la
carbon nano hat, nano dng hay nano miéng va cho thdy 1o rang rang hinh
thai ctia vat liéu gi4 mang van giit nguyén ciu trac sau khi lang dong Pt.
Vi chat mang CB va SWCNT chung ta nhan duogc sy ling dong Pt 13 mot
dam két ty, trong khi d6 véi MWCNT thi ta lai nhan dugc cac hinh cdu déu
dan, con voi gia mang graphene thi lai la dang nanocluster. Po khoang cach
mang tinh thé c4c vat liéu xtc tac theo SAED, 1o rang nhan thdy cudng do
vong nhiéu xa clia graphene cao hon hin so vé&i cac vat liéu xuc tac con lai.
Diéu nay cho théy réng sur két tinh cuia vat liéu xtc tac nano véi gia mang
graphene cao hon han. Ttr anh HRTEM ciing cho thdy duong kinh ctia cac
hat xuc tac Pt/CB, PYSWCNT, PYMWCNT va Pt/G tuong tmg 14 3.7 + 0.7
nm;3.5+02nm;2.6+05nmva32+0.3 nm.

Hinh 3.4. FESEM, HRTEM va SAED cua Pt/CB (al,a2,a3),
Pt/SWCNT(b1,b2,b3); Pt/MWCNT(c1,c2,c3) va Pt/G(d1,d2,d3)

4. KET LUAN

V6i 1oi thé to 16n cta pin nhién liéu 12 ngudn nhién liéu thay thé trong
tuong lai do hi€u suat chuyén hda ndng luong cao, than thi€én vé moi
truong ddt biét 1a pin nhién 1iéu trao do1 proton st dung nhién liéu hydro



duogc tao ra tir qua trinh dién phan nudc khic phuc duge han ché vé nhién
liéu cuia tau thuyén sé 1a mot tiém ning to 16n cho nghé danh bt hai san xa
bo. Cung vdi su phat trién manh mé& nhu vii bdo ctia khoa hoc k¥ thuat, cac
nghién ctru gin day cho thdy cac nha khoa hoc d4 tong hop duoc nhitng vat
liéu méi thay thé Pt véi tinh ning cao hon va giam gia thanh. Nhu vay,
chtng ta hoan toan c6 thé hy vong nhing chiéc tau st dung pin nhién liéu
phuc vu cho viéc danh bt hai san s& xuét hién & mot tuong lai khong xa.
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